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but, as with Côte d’Ivoire, estimates 
of chimpanzee abundance are based 
on survey data collected more than 
a decade ago [5]. There is an urgent 
need to locate the remaining viable 
chimpanzee populations and implement 
long-term monitoring activities for their 
conservation. The IUCN/SSC A.P.E.S. 
(Ape Populations, Environments and 
Surveys) database (http://apes.eva.
mpg.de) seeks to centralize all existing 
and future ape survey data to ensure 
that ape distribution and abundance 
are accurately monitored [6]. We 
encourage people to contribute data 
to this database so as to construct 
an accurate global picture of ape 
distribution and enable the identification 
of sampling gaps. 
These striking results from Côte 
d’Ivoire illustrate the pressing need 
to intensify close surveillance of the 
rapidly declining animal populations. 
Only then can we quickly evaluate the 
efficacy of conservation actions and 
respond accordingly to prevent local 
extinction. Urgent measures must be 
taken to protect them from complete 
extermination.
Supplemental Data
Supplemental data are available at http://
www.current-biology.com/cgi/content/
full/18/19/R903/DC1
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Figure 2. Comparison in number of chimpanzee sleeping nests found during both surveys.
Number of chimpanzee sleeping nests found in the 1989–1990 survey (dark grey) compared 
to the number found during this study (light grey). Numbers on the x axis correspond to 
study sites, following the legend in Figure 1. The star symbol indicates the sites for which the 
 decrease was not significant according to the binomial test.Interactions 
between contrast 
and spatial 
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in visual motion 
processing
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The scaling of behavioral performance 
and neuronal responses with visual 
luminance contrast is one of the 
most basic and well-accepted 
aspects of visual processing [1,2]. 
This relationship between contrast 
and visual perception can be 
experienced informally (for example, 
by driving in fog), and numerous 
studies have confirmed that many 
visual skills are impaired under 
low-contrast conditions. A number 
of studies, however, have found a 
more complex interaction between 
contrast and visual processing. For 
single neurons, the spatiotemporal 
structure of visual receptive fields 
is different under conditions of 
low and high contrast [3–9], and 
psychophysical experiments have 
revealed counterintuitive cases where 
low-contrast conditions change the 
content [10] and even improve the 
accuracy [11] of visual perception. 
We have evaluated human subjects’ 
ability to estimate the direction 
of moving dot fields presented at 
high or low contrast and compared 
these results to neural responses 
recorded from cortical area MT of 
alert macaque monkeys. The results 
reported here show that motion stimuli 
involving small spatial displacements 
yield better visual performance 
at lower contrast, and that this 
improvement is mirrored in the activity 
of MT neurons. These data link 
responses in area MT with behavioral 
performance and demonstrate that 
brighter is not always better for 
motion processing.
We first tested our subjects (N = 8)  
on their ability to estimate the 
motion direction of random dot 
fields presented at high (119 cd/m2) 
or low (12.7 cd/m2) luminance on a 
dark background (4.5 cd/m2), while 
varying the amount of displacement 
undergone by the stimulus dots 
Magazine
R905on each monitor refresh. In this 
task, subjects viewed a dot field for 
400 ms and reported the direction 
by rotating the orientation of a 
response bar. Stimuli were shown 
at variable directions and temporal 
displacements (see Supplemental 
Data available on-line for detailed 
experimental procedures), and we 
manipulated motion coherence to 
maintain an appropriate level of 
task difficulty (see 100% coherence 
control below). We found (Figure 1A) 
that motion perception depended 
both on stimulus contrast and 
displacement. Surprisingly, subjects 
were better at determining the 
motion direction of stimuli with small 
displacements at low contrast (blue) 
than at high contrast (red). For larger 
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Figure 1. Behavioral and neurophysiological 
results.
(A) Results of behavioral experiments. Dis-
placement tuning curves for low contrast 
(blue; dashed) and high contrast (red; solid). 
Data are averaged across direction, coher-
ence, and temporal displacement (data for 
different coherences and temporal displace-
ments are given in Supplemental Figures 
S3, S4, S5). Accuracy is computed as the 
average absolute error in direction judgment 
subtracted from 90°; a value of 90 repre-
sents perfect performance, and 0 is chance 
performance (distributions of errors show in 
Supplemental Figures S7 and S10). (B) Neu-
rophysiological data from 94 MT neurons 
(previously described in [4]). Displacement 
tuning curves for low contrast (blue; dashed) 
and high contrast (red; solid). Error bars rep-
resent standard error.displacements this effect reversed. 
The interaction between contrast and 
displacement was highly significant (p 
< 0.0001; repeated-measures ANOVA) 
and largely independent of temporal 
displacement (see Table S2 and Figure 
S5 in the Supplemental data). 
To study the potential neuronal 
substrate of these perceptual findings, 
we reanalyzed previously-published 
data from 94 cells recorded from area 
MT in two alert macaque monkeys 
[4]. As in the behavioral experiments, 
the motion stimuli were presented at 
low (2.2 cd/m2) or high (139.5 cd/m2) 
luminance on a dark background 
(0.025 cd/m2), and with different spatial 
displacements on different trials (see 
Supplemental data). The resulting 
displacement tuning functions for the 
neuronal population (Figure 1B) show 
a striking resemblance to our human 
behavioral data, with the interaction 
between displacement and contrast 
again being highly significant (p < 
0.0001). A similar effect was observed 
in a smaller sample of neurons (N = 40) 
for which we examined the difference 
in responses to stimuli moving in the 
preferred and anti-preferred directions 
(see Supplemental Figure S2).
Our results demonstrate a strong 
similarity between the behavior of 
MT cells and human perception. The 
stimuli used in the two experiments 
were not identical, however, mainly 
because we chose to use low motion 
coherence in the psychophysical 
experiment in order to avoid ceiling 
effects exhibited by some observers 
in the 100% coherence condition. 
Nevertheless, to evaluate whether 
similar behavior would emerge with 
stimuli that more precisely matched 
those in the neurophysiology 
experiment, we ran 16 additional 
subjects with 100% coherent 
motion (and other matched stimulus 
parameters; see Supplemental Data). 
These results, shown in Figure 2A, 
replicate the original interaction 
between displacement and contrast  
(p < 0.01). As expected, many subjects 
were at or near ceiling performance 
with 100% coherent motion, which 
caused the profiles in Figure 1B to be 
blurred relative to the profiles shown in 
Figure 1A.
We also examined the contribution 
of overall stimulus luminance to 
psychophysical performance. This 
was motivated by the fact that, in 
the previous experiment, changing 
the contrast caused a slight change in the overall stimulus luminance. To 
evaluate whether our results were due 
to changes in contrast or luminance, 
we tested 12 subjects with a stimulus 
consisting of light and dark dots on a 
gray background. This manipulation 
rendered the mean luminance 
constant across all conditions, but 
the pattern of results (Figure 2B) 
was largely unchanged. Again there 
was a highly significant interaction 
between contrast and displacement 
(p < 0.0001), suggesting an effect 
related to stimulus contrast, rather than 
luminance.
The results presented here are 
consistent with information-theoretic 
hypotheses about the influence of 
contrast on visual processing. To 
maximize information transmission, the 
system at high contrast suppresses 
redundant information [12], which, 
given the typical pattern of velocities 
on the retina during self-motion, leads 
to suppression of large, slow stimuli 
.017 .033 .067 .13 .27 .53 1.1 2.1
Spatial displacement (deg)
.017 .033 .067 .13 .27 .53 1.1 2.1
Spatial displacement (deg)
−10
0
10
20
30
40
50
60
70
80
−10
0
10
20
30
40
50
60
70
80
Ac
cu
ra
cy
 (d
eg
)
Ac
cu
ra
cy
 (d
eg
)
A
B
Current Biology
Figure 2. Results of behavioral control experi-
ments.
See Figure 1A for plot descriptions. (A) Exper-
iment 2, displacement tuning curves for 100% 
coherent dot fields matching the stimulus pa-
rameters of the physiological experiment (see 
Supplemental data for detailed experimental 
procedures; data for each temporal displace-
ment shown in Supplemental Figure S6). 
(B) Experiment 3, displacement tuning curves 
for contrast control experiment (see Supple-
mental data for detailed experimental proce-
dures). Distributions of errors are shown in 
Supplemental Figures S8–S10). 
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Primate hunting 
by bonobos at 
LuiKotale, Salonga 
National Park
Martin Surbeck and  
Gottfried Hohmann*
Chimpanzees (Pan troglodytes) 
and bonobos (P. paniscus) hunt 
and consume the meat of various 
mammals. While chimpanzees 
frequently hunt in groups for 
arboreal, group-living monkey 
species [1,2], bonobos are thought 
to focus on medium-sized terrestrial 
prey, such as forest antelopes, 
squirrels and other rodents, which 
are caught opportunistically by 
single individuals [3]. The absence 
of monkey hunting by bonobos is 
often used to illustrate the divergent 
evolution of the two Pan species [4]. 
Here, we present the first information 
on hunting of diurnal, arboreal 
and group living primates by wild 
bonobos.
Monkey hunting in chimpanzees 
is related to social aspects, such as 
bonding between males and mating 
effort [1,2]. The lack of monkey 
hunting in bonobos has been linked 
to a lack of male bonding and 
reduced levels of aggression [4,5], 
implying the behavior is driven 
not by nutritional benefits but by 
reproductive advantages.
We observed bonobos hunting at 
LuiKotale (Figure 1) in the Salonga 
National Park, Democratic Republic 
of Congo. Records on monkey 
hunting were obtained from members 
of one habituated community 
consisting of nine reproductive 
males, 12 reproductive females and 
12 immatures. There were three 
cases of successful hunting when 
bonobos captured and ate monkeys 
and two cases in which hunting 
attempts did not succeed (Table 1). 
In all successful cases, bonobos 
obtained immature monkeys.
Bonobos changed their travel 
direction and silently approached 
their prey after detecting them 
through auditory and visual cues. 
When bonobos were underneath the 
monkey group, they stopped and 
several individuals took position at 
the bases of different trees directing 
their visual attention towards the 
monkeys. Twice bonobos were seen 
to capture prey in a sudden pursuit 
into the trees while some individuals 
remained on the ground. In the 
third case, the actual hunt was not 
observed. In all cases, the monkey 
group had moved arboreally at a 
relatively low elevation (10–20 m). 
While the bonobos were silent 
during hunts, they vocalized during 
meat eating. Individuals who initially 
possessed the prey maintained 
control over the carcass, despite 
being the subject of close attention 
by other members of the party. As 
with meat-sharing in chimpanzees 
[1,2], individuals who possessed the 
carcass both actively transferred 
pieces of meat to other party 
members in response to begging 
gestures, and tolerated co-feeding by 
others on the same carcass. 
It has been suggested bonobos 
do not hunt monkeys because 
aggression was selected against 
when ecological conditions favored 
female gregariousness and alliance 
formation [4]. An alternative view is 
that insufficient data from multiple 
bonobo populations, incomplete 
habituation, and effects of human 
interference precluded observation 
of monkey hunting [6]. While more 
data are required before conclusions 
can be drawn about the relationship 
between social traits and hunting 
behavior, our data raise other 
questions: Do the observed cases 
present a novel behavior? What are 
the environmental and social factors 
promoting hunting and meat eating at 
LuiKotale? 
So far, evidence for hunting and 
meat eating by bonobos has largely 
been based on fresh fecal samples 
[3]. Only one sample contained 
the digit of a black mangabey, 
Cercocebus aterrhimus, but it was 
not entirely clear if bonobos had 
Figure 1. Field sites mentioned in the text.
1: LuiKotale, 2: Lilungu, 3: Wamba.[4]. On the other hand, at low contrast, 
the sole basis for distinguishing visual 
signal from random noise is the signal’s 
regularity across space and time. 
In this case, preserving redundancy 
becomes critical, and spatial pooling 
and temporal summation are desired.
Supplemental Data
Supplemental data are available at http://
www.current-biology.com/cgi/content/
full/18/19/R904/DC1
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